Homocitric acid (j3-hydroxy-f-carboxyadipic acid; HC) is accumulated by a lysine-requiring yeast mutant when grown in a chemically defined medium, supplemented with limited amounts of lysine. A study of the formation of HC in relation to the depletion of lysine from the growth medium indicates that HC accumulated only when the concentration of lysine was low. The enzymatic formation of HC from a-ketoglutarate plus acetyl-coenzyme A in cell-free extracts of the same organism was also inhibited by lysine. The inhibitory effect of lysine on the formation of HC in both whole cells and cell-free extracts is indicative of the functional existence of a feedback control mechanism in the pathway for lysine biosynthesis in yeast.
In a previous report (1) , the isolation and identification of homocitric acid (3-hydroxy-f3-carboxyadipic acid; HC) from a lysine-requiring mutant of Saccharomyces cereviseae were described. HC has been isolated both from the growth medium and as a product of the in vitro condensation of a-ketoglutarate with acetylcoenzyme A (1, 5) .
A considerable amount of experimental evidence, both direct and indirect (1, 5, 6) , points to the participation of HC as an intermediate in the biosynthesis of lysine in yeast. The reactions involved are analogous to the reactions of the Krebs tricarboxylic acid cycle for the formation of glutamic acid, and constitute a unique pathway for lysine biosynthesis in yeast and other fungi.
Many biosynthetic pathways are regulated by end-product inhibition, i.e., an inhibition of the first enzyme unique to the pathway by products of the pathway (7) . In the present report, evidence is presented that the first step of lysine biosynthesis, namely the formation of HC, is inhibited by lysine, providing another example of feedback control mechanism (9) . These observations provide additional evidence that HC is indeed a probable percursor of lysine as proposed earlier (6). Organism. The organism used was a lysine-less mutant of Saccharomyces designated Ly4, kindly supplied by M. Ogur, Southern Illinois University, Carbondale, Ill. Stock cultures were maintained on 0.5% agar slants containing minimal medium of the following composition: 10 g of glucose, 2 g of KH2PO4, 1 g of MgSO4-7H20, 2 g of (NH4)2SO4, 0.3 g of CaCl2, 0.25 ml of trace metals solution (described below), and 1.0 ml of vitamin stock solution (described below) dissolved in 1 liter of water. The trace metals solution contained 500 mg of FeSO4-7H20, 80 mg of MnSO4-4H20, 36 mg of (NH4)6Mo7024.4H20, 176 mg of Na2B40 1OH20, 30 mg of CUSO4 5H20, and 620 mg of ZnS04* 7H20 dissolved in 500 ml of water. The vitamin stock solution contained 100 mg of inositol, 40 mg of nicotinic acid, 40 mg of p-aminobenzoic acid, and 0.2 mg of biotin dissolved in 100 ml of water. Cultures were stored at 4 C between transfers which were at monthly intervals. Cells were grown in 10-liter carboys in chemically defined medium of the above composition supplemented with 30 mg of lysine hydrochloride per liter. After 4 days of growth under aeration, a yield of about 4.6 g (wet weight) of cells per liter of medium was obtained.
Preparation of cell-free extracts. Cell homogenates were prepared by suspending 15 g of cells in 30 ml of 0.02 M phosphate buffer (pH 7.2) and disrupting the cells in the presence of 0.5-mm glass beads in a high speed refrigerated centrifuge shaker (4). Cell-free extracts were obtained by centrifuging at 32,000 X g for 60 min. The extract was dialyzed against 0.02 M phosphate buffer (pH 7.2) for 3 hr at 3 C. Protein concentration was measured by the method of Waddell (8) .
Substrates and cofactors. HC was synthesized as described in a previous report (1 
RESULTS AND DISCUSSION
Two of the intermediates on the pathway proposed for lysine biosynthesis in yeast (6) , i.e., HC and homoaconitic acid, have been isolated from the growth medium of a lysine-requiring yeast mutant (1) . The accumulation of these acids in the growth medium was attributed to the existence of a metabolic block in the biosynthesis of lysine.
In the present study, the rate of excretion of HC into the medium was measured. The Ly4 Fig. 1 .
Total radioactivity remaining in the medium was determined in each sample (Fig. 1, curve B) .
Samples for lysine determination were prepared (1) . The tubes corresponding to the peak of radioactivity, which coincides with the peak for the carrier HC, were pooled. The total radioactivity under this peak corrected for the total volume of the growth medium represents the amount of "4C-labeled HC accumulated at each time interval (Fig. 1, curve  D) . HC did not begin to appear in the medium until the lysine concentration in the medium was very low (Fig. 1, curves C and D) . Thus, the lysine added to satisfy the growth requirements of the yeast mutant inhibited the formation of HC. This observation indicates a feedback effect of lysine, and the site of regulation appears to be the first reaction of the proposed pathway (6) .
In the wild-type Saccharomyces cells, HC did not accumulate in the medium. The accumulation of HC shown in Fig. 1 , curve D, may be ascribed to a metabolic block and to the absence of feedback control by the missing end product, lysine.
This finding is in general agreement with the now well-supported hypothesis that certain end products of primary metabolism act as metabolic regulators by preventing further functioning of the pathway by which they are formed.
Inhibition of HC formation by lysine in vitro. The effect of lysine on the formation of HC by cell-free extracts of the same yeast mutant was studied to learn whether the apparent feedback inhibition described above could be demonstrated in the absence of whole cells. Incubation of aketoglutarate and acetate-i-C'4 with yeast extract, as outlined in Table 1 , yields G4C-labeled HC (1). This product was isolated and determined as described in Materials and Methods. Figure 2 diagrams the eluting pattern of the ether-extractable materials obtained from such an experiment. The fractions under the HC peak were pooled and counted. The amount of radioactivity corresponds to the amount of '4C-labeled HC accumulated. Table 1 shows that, as the amount of lysine present in the reaction mixture increased, the amount of '4C-labeled HC which formed decreased markedly.
The extent of inhibition of HC formation by lysine was not consistent between two experiments ( Table 1) . The results, however, do indicate the existence of an effective metabolic control in the biosynthesis of lysine in yeast. It is hoped that studies of the inhibitory effect of lysine will be extended when the suspected target enzyme, homocitric synthetase, has been purified.
The demonstration of end-product inhibition may be interpreted as supporting evidence for the functional role of the lysine biosynthetic pathway proposed by Strassman and Weinhouse (6) . (G-22256) and from the National Institutes of Health (AM 06954).
